Changes in habitat composition and structure along natural agricultural habitat gradient affect spatial ecology of carnivores at both intraspecific and interspecific levels. An important prerequisite for the conservation and management of habitat specialists is a sound understanding of how they use indigenous habitats within fragmented landscapes. We present the 1st comprehensive study on home range, overlap, and resource selection of 16 radiocollared servals (Leptailurus serval) in the Drakensberg Midlands, South Africa. Servals (11 males and 5 females) were livetrapped and radiotracked between May 2013 and August 2014 covering 4 seasons (winter, spring, summer, and autumn). Mean annual home range estimates (95% and 50% fixed kernel [FK], respectively) for males (38.07 km 2 ; 8.27 km 2 ) were generally larger than for females (6.22 km 2 ; 1.04 km 2 ). Although male core ranges varied slightly in spring, overall serval home ranges were stable across seasons. There was considerable intersexual home range overlap (> 85%), whereas intrasexual overlap was rare (< 10%). Home range size decreased with increase in age and less availability of wetland, while it increased in males at both levels (95% FK and 50% FK). For both sexes, Manley's selection index indicated that natural habitats including wetlands and forest with bushland ranked higher than all other habitat classes. However, forested habitat was used approximately 2 times more frequently by males than females whereas cropland was avoided by both sexes. Overall, wetlands were ranked highest, followed by forest with bushland, grassland, plantations, and cropland in terms of serval resources selection. Our results emphasize that natural habitats, mainly wetlands and forests with bushland, are important predictors of spatiotemporal habitat use of servals in the agricultural mosaics of South Africa.
Land-use transformation is becoming a major driver of species extinction through diminution of natural habitats (Lawrence et al. 2014) . Carnivores that depend on patchy habitats are often at most risk (Terborgh and Winter 1980; Lawes et al. 2000) . They are sensitive to the effect of degraded conditions outside protected areas (PAs-Cardillo et al. 2004 ). However, some species have a remarkable ability to adapt through behavioral flexibility and habitat selectivity. Therefore, a conservation approach that explicitly considers their spatial ecology in the surrounding non-PA environments is important.
In South Africa, farmlands and plantations have expanded over the last few decades causing sparse mosaic patches of natural habitat. Consequently, agricultural landscapes range from patches of natural or seminatural vegetation to highly modified areas (DeClerck et al. 2010) , hosting a wide spectrum of land uses, including plantations, livestock grazing, and grassland and pastures for dairy production. Despite this, some local animal populations are able to "track the shifting mosaic" of suitable habitat patches (Lawes et al. 2000) . The Drakensberg Midlands of KwaZulu-Natal (KZN), South Africa, is one of the important conservation sites providing natural and modified habitat for carnivores and acting as buffer zones for the Drakensberg World Heritage Sites (Killick 1990) . Increasing anthropogenic influence has changed natural habitats into heterogeneous agricultural landscapes where predators compete for space with farmers (Mulwa et al. 2012; Ramesh and Downs 2013) . Therefore, understanding the spatial resource use of habitat specialists, such as servals (Leptailurus serval) , in this mosaic agricultural environment is vital to their conservation .
Resource selection is a behavioral response to the dynamic processes within the species' niche, wherein the species spends sufficient time within resource patches to maximize their survival rate (Benhamou 2011) . Therefore, quantifying resource selection of wild felids in agricultural mosaics aids in understanding their space use patterns in remnant natural habitats (Manly et al. 2002) . Resource selection processes are the consequences of movements where individuals choose available habitats (Martin 2009 ). In general, home range size depends on many factors including sex, age, season, morphological features, resource availability (Kie et al. 2002) , and their interaction with the surrounding habitat matrix. However, it remains uncertain unclear how these factors influence home range sizes of servals. The serval is a wetland-dependent species (Bowland 1990; . Wetlands support small mammals, including Otomys spp. which constitutes the main diet of serval (Smithers 1978; Bowland and Perrin 1993; . The challenge is to determine how wild felids survive in human-dominated landscapes because the serval is one of the felids most affected by destruction of their natural wetland habitats for agricultural use. The serval is listed as a "Near Threatened Species" in South Africa (Friedmann and Daly 2004) and in their distribution it is declining because of hunting for the fur trade, wetland habitat loss, and its persecution as a perceived poultry thief (Burton and Pearson 1987; Bowland 1990; Thiel 2011; Kingdon 2013; . Furthermore, snares are used for subsistence hunting by local communities to target ungulates for meat, and farmers use them to control black-backed jackal (Canis mesomelas) numbers as well. The latter is a "problem animal" in these farmlands because they hunt domestic stock, and their control results in negative impact on nontarget carnivores, including servals (Humphries et al. 2015; .
In the past, spatial use patterns of servals were studied from observations of habituated individuals (Geertsema 1985) , camera-trap captures, direct sightings (Thiel 2011) , radiotracking of 2 reintroduced, young servals in a nature reserve in the Midlands of KZN (Perrin 2002) , and radiotracking of captivebred reintroduced serval (Aarde and Skinner 1986) . Only the study by Bowland (1990) described the home range size of servals but it was based on relatively few GPS fixes. Consequently, there is little detailed information on their home range estimates, movement patterns, or resource selection. The Drakensberg Midlands, KZN, are experiencing unprecedented levels of habitat change, in particular the destruction of wetlands for dairy farming (Ramesh and Downs 2013; . Thus, elucidating spatiotemporal ranging patterns and resource selection of servals in this landscape mosaic is important to understanding their ecology and for making informed landuse policies. Individual variation in home range sizes of servals might be expected in areas where resources are temporally and spatially unpredictable because of the intensive conversion of wetlands for farming. As the availability of natural habitats within the admixture of human modified land changes, the seasonal movements of servals is expected to vary with resource availability because female servals provide parental care and prefer undisturbed habitats with food resources (Geertsema 1985) . Therefore, we predicted sex-specific habitat selection wherein female servals would select favorable patches that are less disturbed and resource rich. We expected servals to alter their habitat selection patterns seasonally within the agricultural mosaic, to exploit resources (e.g., rodents) that vary spatiotemporally because of land-use transformations. Such habitat loss is expected to influence resource use by servals, making them an indicator of the impact of disturbance. Therefore, our objectives were to 1) estimate the seasonal home range size of male and female servals, 2) determine the seasonal home range overlap between and within sexes, 3) assess whether home range size is influenced by sex, age, morphometric measures, season, land-use type, or habitat, and 4) determine sex-specific 3rd-order resource selection of seasonal land-use type and/or habitat type.
Materials and Methods
Our study was conducted in Fort Nottingham and along the Mooi River (29°41′-30°01′E; 29°10′-29°28′S-for details, see , which is a part of the low-lying midland areas of Drakensberg, KZN, South Africa. Vegetation was dominated by highland sourveld grasslands and patches of indigenous bush clumps (Killick 1990; Mucina and Rutherford 2006) . Stream habitats also occurred in both of the study sites. There were other naturally occurring wildlife species (Rowe-Rowe 1992 , 1994 and domestic livestock present, including sheep, and beef and dairy cattle. Average annual temperature ranged from 9.2°C to 20.1°C, and average annual rainfall was 975 mm (T. Turner's Weather Station, Fort Nottingham). The main land used include seed potato crops, plantations, livestock grazing, and dairy production using indigenous grassland, pastures, and maize (Pero and Crowe 1996) . Both study areas supported a large number of wetlands that were being converted for agricultural practices. We refer to "wetland habitat" as grassland areas, including marsh and sponge categories of Noble's (1974) classification.
Serval capture and radiotelemetry.-To determine movements, home range size, and habitat selection of servals, we captured, immobilized, and radiocollared a representative sample of the serval population from the Midlands, KZN. Capture effort was equally distributed to ensure samples represent from various habitat types across the Midlands. Thus, we considered collared servals as a representative sample of the overall serval population from the Midland area (Ramesh and Downs 2013) . Age was estimated from body size, tooth wear, and reproductive condition. Age ranged from 2 to 5 years. Sixteen servals, captured using steel cage traps, were fitted with radiocollars. Five cage traps (50 × 50 × 100 cm and 70 × 60 × 120 cm) were used throughout the study area on a rotational basis. Each was camouflaged with vegetation and baited with a dead chicken along with a combination of lures called "Cat Nip." Captured servals were anaesthetized by a veterinarian using a combination of 5 mg/kg Ketamine and medetomidine (0.05 mg/kg) injected intramuscularly via a gas-powered projectile Teleinject dart delivery system (Telinject, Agua Dulce, California). All the morphometric measurements were taken from anesthetized individuals, which were then radiocollared. Atipamezole was the reversal drug used to recover anaesthetized servals. We used an appropriate drug combination to ensure no significant alteration in physiological responses by the servals. Servals were equipped with GPS-GSM UHF collars (Wireless Wildlife, Pretoria, South Africa). The mean collar mass of 150 g was below the recommended 3-5% of body mass (< 2.0% of average adult serval body weight) that can be used without injury or interference with normal activity (Macdonald and Amlaner 1980; Bowland 1990 ). Serval locations, fixed every 2 h were downloaded with spatial accuracy of approximately 5 m to a UHF receiver or drone. We followed all capture efforts outlined by ethical clearance from the University of KwaZulu-Natal and National Environmental Management Biodiversity Act 2004, South Africa (Permit Number: O 27280). All handling of animals conformed to American Society of Mammalogists guidelines (Sikes et al. 2011) .
Home range estimation.-Autocorrelation is the result of the violation of statistical assumption of independence between sequential observations at specific distances in time or space (Legendre 1993) . Radiotelemetry data are often strongly autocorrelated when frequent GPS fixes are collected (Solla et al. 1999) . We used Schoener (1981) and Swihart and Slade (1985) statistics for each serval to test for autocorrelation of locations. The Schoener (1981) test indicates autocorrelation if values are < 1.6 or > 2.4, whereas the Swihart and Slade (1985) test values > 0.6 are considered autocorrelated. The mean Schoener index for servals was 0.20 ± 0.04 and 2.2 ± 0.12 for the Swihart and Slade test, indicating successive locations for individual servals were highly autocorrelated. However, an adequate sample size is considered more important than independence between observations (Reynolds and Laundre 1990; Otis and White 1999) . Therefore, we endeavored to reduce autocorrelation in GPS points of all collared servals and scheduled GPS fixes of collars to be recorded at equal intervals spaced 2 h apart, resulting in 12 fixes per day. These fixes were spaced consistently over 24 h in order to monitor diel movements. Consequently, we used all GPS fixes recorded by collars in further analyses.
We generated serval home range sizes using Hawth's tool in Arc GIS 9.3.1 (Beyer 2004) . Nonparametric methods, minimum convex polygon (MCP), and fixed kernel (FK) (Worton 1989) were used to estimate home ranges. We determined the adequate sample size (number of locations) for calculating home range sizes (Harris et al. 1990; White and Garrot 1990; Kernohan et al. 2001) . For seasonal analyses, we partitioned data into 4 periods corresponding to local climatic conditions: summer (December-February), autumn (March-May), winter (June-August), and spring (September-November). Sample adequacy was performed separately for each season. The number of GPS fixes for individual servals that reached asymptotes was used for further analyses. Home range sizes generally stabilized at 100 locations. Therefore, we used only individuals with 100 locations for seasonal analysis. We selected 15 collared servals (10 males and 5 females) that had a minimum of 100 GPS fixes. Duplicate GPS points were removed using the Spatial Analysis tool in ArcGIS 9.3.1(ESRI, Redlands, California). Thereafter, we computed MCP and 95% FK estimates to remove outliers that were likely exploratory movements (White and Garrot 1990; Mizutani and Jewell 1998; Kernohan et al. 2001) . The FK estimate is considered the most robust and least biased home range estimator because of its performance with varying sample sizes, shapes of the utilization distribution, autocorrelated data, and outliers (Worton 1995; Kernohan et al. 2001; Jhala et al. 2009 ). We used the Least Square Cross Validation (LSCV) method to generate the best value of the smoothing parameter for multimodal data (Silverman 1986; Worton 1989; Seaman and Powell 1996; Kernohan et al. 2001) . The combination of kernel density estimate with LSCV provides optimal ecological and statistical validity (Cumming and Cornélis 2012) . During preliminary analyses, the bandwidth selection failed to produce valid output using the LSCV method. However, the HRT extension in ArcGIS provides numerous automated and subjective methods to determine the optimal smoothing parameter for animal space use data (Rodgers and Kie 2011) . As a result, we selected the automated reference bandwidth, which provided appropriate kernel estimates of our study individuals (Rodgers and Kie 2011) . Because GPS fixes for all collared individuals across seasons were found to be highly autocorrelated, we rescaled the data to a unit variance using the HRT tool (Rodgers et al. 2007) . Although 95% kernel estimates (95FK) provide a standard measure of home range area (Seaman and Powell 1996) , we also measured 50% kernel (50FK) as an indicator of core area use (Campioni et al. 2013 ). The Mann-Whitney pairwise test was applied to determine whether male and female home range sizes differed and whether home range sizes differed among seasons.
We tested variables that might influence home ranges and core area sizes of servals using Generalized Linear Models (GLMs) with negative binomial (theta = 1) family (Hilbe 2011; Cameron and Trivedi 2013) . The selected variables were sex, season, age, morphometric measurements (body mass, total body length [m], shoulder height, chest circumference, neck circumference, and upper and lower canine length), and percentage of available wetland within 95% MCP areas of servals. We removed the correlated variables (r > 0.70) in a hierarchical approach using Pearson correlation coefficient test (Graham 2003) . The uncorrelated variables retained for further analyses were sex, season, age, total body length (m), and percentage of available wetlands. The best-fit candidate models with few predictors were generated following the framework of Burnham and Anderson (2002) . We identified the best models explaining home range sizes using the Akaike's Information Criterion for small sample sizes (AICc), AIC differences (∆AIC), and Akaike weights (w i -Burnham and Anderson 2002) . All candidate models with ΔAIC ≤ 2 were selected as best-fit models to explain the influence of variables on home range size (Burnham and Anderson 2002) . The relative influence of each response variable (AICc weight) on home range sizes varied from 0 (no support) to 1 (complete support) relative to the overall models (Burnham and Anderson 2002) . These statistical analyses were conducted in Program R version 3.0 (R Development Core Team 2014) using packages MASS (Venables and Ripley 2002) , rJava (Urbanek 2010), glmulti (Calcagno and de Mazancourt 2010), and MuMIn (Bartoń 2013) .
Home range overlap.-We used 95% kernel home range to estimate the percent point overlap of home ranges between every neighboring pair of individuals using the Utilization Distribution Overlap Index (UDOI- Fieberg and Kochanny 2005) . We calculated overlap of the home ranges only for those individuals monitored within the same period. Five dyad pairs were included for winter, whereas the numbers of pairs were smaller for other seasons because of mortality. The UDOI method is recommended over the MCP overlap method for the measure of overlap in space use. These indices can account for home ranges with unequal space use of individuals with kernel density estimates of utilization distributions (Fieberg and Kochanny 2005) . The UDOI is 0 for 2 nonoverlapping ranges and close to 1 for high overlap with uniformly distributed use by pairs (Fieberg and Kochanny 2005) . We calculated UDOI between pairs of individuals using the "adehabitatHR" package in R (Calenge 2014) . The Mann-Whitney test was used to compare average overlap between seasons.
Resource selection.-We determined resource selection at the 3rd-order within the home range of individual servals (Johnson 1980; Gehrt et al. 2009 ). We did not assess 2nd-order resource selection, which is home range selection within the study area, because of the territorial behavior of servals likely caused them to avoid portions of the landscape at the home range scale, and all resident servals were not radiocollared in the study area. As such, only the areas available to individuals within their home ranges were meaningful. However, we provided the composition of home ranges to explain use and availability of land-use types for 3rd-order resource selection. We used the actual area of use by the collared serval in terms of GPS locations falling within the 95% MCP home range boundary of the study animals after discarding their exploratory movement. Radiotelemetry locations from 15 servals during the 2012-2013 study period were analyzed to evaluate resource selection patterns. As a consequence of 2 collar failures, and mortality of 5 individuals caused by snaring, hunting dogs, and vehicle collision, we had complete data for 9 individuals (4 females and 5 males) in all seasons of the entire period. For individuals without data for the complete year, we analyzed habitat selection during available seasons. We estimated seasonal home ranges and resource use using a criterion of a minimum sample size of 100 locations in a season. Serval locations were plotted over land use and land cover classifications (GeoterraImage 2010). Prior to habitat extraction, we reclassified 39 classes in the latest KZN land cover map from 2008 (GeoterraImage 2010) into 5 broad classes: wetland, natural grassland, forest with bushland, plantation, and cropland. We merged the recent KZN wetland layer for 2011 (Scott-Shaw and Escott 2011) to the GeoterraImage (2010) layer to include the updated wetland distribution layer in our analyses.
Resource use by servals was estimated by the number of locations falling in each habitat type within each home range (White and Garrot 1990; Aebischer et al. 1993) . Servals have different types of available habitat within 95% MCP home range area. We calculated available habitat as the area of a habitat within 95% MCP home ranges in a GIS domain. We described habitat selection as differences in observed use to expected availability of land cover (Gehrt et al. 2009 ) using a log-likelihood chi-square test (Khi2L) for overall habitat selection. Habitat preference of servals was computed using Manly's compositional analysis of habitat selection ratios combined with 95% Bonferroni simultaneous confidence intervals (CIs-Manly et al. 2002) . The Manly selection ratios from 0 to 1 indicated habitat types used less than expected or avoided, whereas selection ratios (> 1) indicated habitats used more than expected or preferred (Calenge and Dufour 2006) . We considered significant habitat preference by servals if the lower CI limit was above 1 and avoidance if the upper CI limit was below 1. Each serval was considered a sample for statistical analysis (Garton et al. 2001) . Resource use was investigated for individual servals. We added a small value (0.001) of available habitat types that were not used by servals to avoid division by zero (Aebischer et al. 1993) . The "adehabitatHS" package (Calenge 2014) in R program was used to perform compositional analyses according to Manly et al. (2002) using a log-likelihood nonrandom statistic at α = 0.05. We used the package "effects" to plot variable effects on the response variables (Fox 2003) . (Fig. 1) . As expected, MCPs provided larger home range estimates, whereas the 95% FK kernels provided more conservative home range sizes for both sexes (Appendix I; Fig. 2 ). Independent of estimation methods, there was a wide range in home range sizes, with 3 males exhibiting home ranges twice the size of the overall mean (Appendix I). Mean home range size of 95% MCP and 95% FK were 46.34 and 38.07 km 2 for males and 7 and 6.22 km 2 for females, respectively, indicating that males had much larger home ranges (Z = 0, z = −3.0, P = 0.001). Mean 50% FK core areas of male servals were also larger than those of females (male: 8.27 km 2 ; female: 1.04 km 2 ; Z = 0, z = −3.0, P = 001). Home range sizes did not vary among seasons for males (Z = 4.32, P = 0.23) nor did core areas (Z = 4.47, P = 0.21; Fig. 1 ). Interseasonal core areas were smaller during spring in comparison to summer (Z = 0, z = −3.0, P = 0.03). Female home ranges and core areas did not vary among seasons (95% FK: Z = 1.43, P = 0.79; 50% FK: Z = 1.78, P = 0.61).
Predictors of home range size.-Based on the best model with ≤ 2 ΔAIC using the 95% FK, sex (male; estimated coefficient = 1.73, SE = 0.13, χ 2 = 12.13, P = 0.00) was identified as an important predictor of home range size across four seasons ( Fig. 3; Table 1 ). In addition, the variable age (estimated coefficient = −0.11, SE = 0.04, χ 2 = 2.17, P = 0.02) also influenced home range size. The relative variable contribution across all a priori models indicated that sex was a more important predictor of serval home range size (weight = 1.0) than age (weight = 0.33), wetland (weight = 0.31), total body length (weight = 0.07), or season (weight = 0.01).
When we modeled core area (50% FK), the 3 best models (≤ 2 ΔAIC) indicated that sex (male, estimated coefficient = 1.86, SE = 0.15, χ 2 = 11.37, P = 0.00) was a strong predictor of core area size, whereas age (estimated coefficient = −0.11, SE = 0.04, χ 2 = 2.46, P = 0.01) and percentage of available wetland (estimated coefficient = −0.02, SE = 0.01, χ 2 = 1.68, P = 0.09) were also relatively important predictors in the models. Overall, the models indicated sex (weight = 1.0), wetland (weight = 0.30), and age (weight = 0.29) were the main predictors of core area, followed by total body length (weight = 0.19) and season (weight = 0.03). We observed that the home range and core area size of servals was larger in males.
Home range overlap by season and sex.-The 95% kernel overlap revealed high UDOI between male and female servals (average UDOI for winter: 0.22 ± 0.09; spring: 0.15 ± 0.06; summer: 0.18 ± 0.08; autumn: 0.13 ± 0.08) in which female territorial locations occurred within the range of adjacent males (Appendix II). Overlap was lower between males (average; winter: 0.03 ± 0.01, spring: 0.002 ± 0.001, summer: 0.13 ± 0.06, autumn: 0.04 ± 0.02). The UDOI between females was 0.10 ± 0.00 and 0.01 ± 0.00 in winter and spring, respectively. The amount of overlap varied considerably across seasons between males (Z = 18.63, P = 0.00), whereas no significant variation was found between sexes (Z = 3.9, P = 0.25) or between females (Z = 0, z = −1.2, P = 0.19). Overall, UDOI indicated the percentage of overlap between males and females was higher than male-male and femalefemale pairs.
Resource selection by season and sex.-Habitat selection by servals was not uniform within the individuals home range (winter: Khi2L = 359, d.f. = 55, P = 0.00; spring: Khi2L = 325, d.f. = 49, P = 0.00; summer: Khi2L =214, d.f. = 38, P = 0.00; autumn: Khi2L = 108, d.f. = 44, P = 0.00). Serval preferred wetland and forest with bushland more than their respective availability in all seasons, whereas they selected cropland and grassland comparatively less (Fig. 4) . Plantations were consistently the least favored habitat during most seasons but were used in proportion to their availability in winter season. ) was not uniform. Females favored wetlands across the seasons, whereas they used forest with bushland and plantation in proportion to their availability in winter and spring. In general, female servals avoided grassland and cropland more than their availability during all seasons (Fig. 4) . The large CIs for selection of some habitats indicated individual variation in preference among collared individuals. The total of the order of selection across all individuals indicated that overall wetland most preferentially used, followed by forest with bushland, plantation, grassland, and cropland. All habitat types were selected more strongly than cropland at all scales. Wetland ranked highest for both sexes and was selected over all other available habitats in all seasons. After wetland, the ranking of forest with bushland was highest during most seasons.
discussion
Our results provide the 1st in-depth analyses and estimates of space use and resource selection of servals across seasons in the agricultural mosaics of KZN, South Africa. A previous study focused only on home range estimates, but it was constrained by low sample size. This study focused on the complexity of the territorial and ranging behavior of servals and found that males had larger home ranges than females. Males have a larger body mass necessitating greater movement to obtain prey and larger home ranges ensure their movements encompass those of multiple females. This increases their ability to locate mates, and these spatial patterns are well known among felids (Sunquist and Sunquist 2002) . Females had smaller home ranges, as expected; however, their ranges were high in resources with adequate prey and suitable breeding sites for rearing young. The home ranges of female were stable across all seasons. Interseasonal male core areas were slightly smaller in spring. Female core areas (50% FK) exhibited high site fidelity suggesting they have access to adequate resources within a relatively small area that is associated with the natural habitats because of the highly fragmented nature of the surrounding habitat matrix . Higher availability of wetlands within female home ranges likely supplied females with sufficient rodents prey to raise young (Bowland 1990; . The 100% MCP estimates were larger than those in the previous study (Bowland 1990) , possibly because of the limited GPS fixes in Bowland's study. Male serval home ranges overlapped with 2 female ranges, possibly to an area where they can mate with many females without possible interference from neighboring males. Home ranges estimated using kernel density estimators appeared to be more parsimonious than MCP.
Abundance and spatial arrangement of wetlands within the home range can influence resource use . Variation in home range size was best explained by age and wetland, and sex as strong predictor at both levels. Our results predicted that as availability of wetland decreased, serval home range size increased possibly to acquire adequate prey from the patchy wetlands. Because female serval had stable home ranges across seasons, they did not have an influence on home range size at both levels. Increased amounts of large continuous wetland patches may provide more foraging opportunities in close proximity than smaller patches. Consequently, serval mainly feed on vlei rodents and these rodents are abundant in wetland habitats (Bowland 1990; ; therefore, the availability of wetland habitat likely influences the diet and movement of servals. Because we studied only sexually mature adults (≥ 2 years) and adult animals were highly variable within age classes, young adult males were found to influence home range size. Therefore, home range size increased in younger age classes, possibly enabling young adult males to ensure access to more females by using larger home ranges. Young adult males compared with old adult ones tend to associate more with females (Villaret and Bon 1995) possibly to increase reproductive success. Thus, in the polygynous mating system of servals, males exhibited larger home ranges than females because they were subject to sexual selection favoring mating with a greater number of females (Ostfeld 1985) . On the contrary to what we expected, season did not play a major role in home range size; however, during spring, home range decreased slightly as food availability may have increased in spring.
We detected less than 10% overlap of home ranges between males, whereas overlap was greater between sexes, particularly during the winter, which was likely related to the peak breeding season. The high overlap of male with female home ranges during winter indicated that male spacing responds to female spacing. Male ranges occasionally overlapped little or no area with other males. One male, almost completely overlapped with female, suggesting they were a breeding pair. The same male substantially overlapped with another female suggesting that males accept multiple mates. This has been observed in many other solitary felids particularly in tiger (Panthera tigris) and leopard (Panthera pardus) (Seidensticker 1976) . Females also shared nearly 40% of their home range with another female. Female space use might indicate they are less territorial. Home range size and the degree of overlap provide evidence of social organization and mating systems of servals. Degree of territoriality of an individual can be measured as the level at which home ranges overlap (Nemtzov 1997) . The low degree of spatial overlap between males described herein indicated high territoriality among males. Although we speculate that home range overlap in servals is related to territorial behavior, the amount of interindividual variation in home range overlap might be associated with habitat quality and food abundance.
Servals exhibited seasonal shifts in habitat selection between sexes; mostly favoring wetland and forest with bush land consistently. We observed intersexual differences in habitat selection within seasons during autumn where female servals less used forest with bushland than males, whereas both males and females used grassland in equal proportion to its availability. As compared to other seasons, rodent availability is higher in grassland during autumn (Bowland 1990) , and hence serval increased their use from random use to use relative to its availability. Males used forest with bushland to a greater extent than females during winter and spring. But both sexes avoided croplands across seasons, whereas they used plantations more during winter. The difference in resource selection between sexes across seasons could be linked with maternal responsibilities while raising young and additional resource needs within the small areas (Schneider et al. 1971; Endres and Smith 1993; Beasley et al. 2007 ). The use of plantations by both sexes during winter could possibly be related to the low rodent abundance in wetlands and grasslands because decreased grass cover after burning (Bowland 1990 ). The increased use of forest with bushland by males in all seasons is probably related to additional foraging opportunities. Because the forest with bushland is a part of the mosaic landscape, the presence of servals in a wetland was a function of not only that particular habitat but also of neighboring forests . The indigenous forest with bush land provides cover enhancing individual movement of servals between habitat patches. Male servals showed different resource selection patterns compared with females, probably owing to their patrolling instincts and comparatively larger home ranges .
Overall, wetlands were the most important habitat influencing core activity areas within the home ranges of servals. Therefore, both sexes selected wetlands in all seasons. Wetlands and forests with bushland were preferred by servals in comparison to grassland and cropland. Servals spent more time in wetlands than the others habitats thus dispersion of wetlands across the landscape could influence their day to day activities. Our results showed sex-specific habitat use that might be a consequence of behavioral facilitation by males to females during the reproductive season in order to increase reproductive success (Santos and Santos-Reis 2010) . Our results indicated that although both sexes adopted different habitat use patterns, both preferred wetlands and forest with bushland.
The difference between male and female habitat use in some seasons reinforced the importance of sex-specific analysis in (Bowland 1990; . Hence, they prefer home ranges to incorporate natural areas for breeding, foraging, and shelter from human disturbance (Geertsema 1985; Bowland 1990 ). Overall, the compositional selection index showed that wetlands ranked higher than all other habitat types. Serval space use of wetland and forest with bush land was consistent with our previous findings of fragmentation effects of these habitats on serval use . Current agricultural practices of dairy farm using wetlands are a great threat to serval populations throughout South Africa. Servals altered their habitat selection on a seasonal basis suggesting they select habitats differently across seasons within the agricultural mosaic landscape, presumably to allow them to exploit resources that vary spatially and temporally. Our findings showed that resource selection determined habitat preference of this habitat specialist in locating favorable habitats among fragmented patches for survival.
Conclusion.-Our study demonstrated the habitat specialization of servals in terms of habitat-area requirements in highly fragmented landscapes containing patchy distribution of wetland and forest with bushland. Because over 50% of wetlands in the Natal Midlands have already been lost to agricultural activities (Welgemoed 1990; Geoterraimage 2010) . Conservation of servals in the Drakensberg Midlands is dependent on conservation of wetlands because of serval's association with wetland habitats. There are several factors to be considered during land-use planning in agricultural mosaics of the Drakensberg Midlands. Management efforts should be concentrated on preservation of sufficient wetlands and forests with bush land for long-term persistence of servals. Servals selected areas within the agricultural landscape with minimal disturbance and high proportion of natural habitat, thus conservation of servals relies on protecting suitable habitats (i.e., wetland and forest with bush land) in the agricultural mosaics of South Africa. Servals can persist in landscapes with less farming practices and those that have retained patches of natural habitat. Therefore, structural changes in the landscape will affect foraging and movement behavior of servals. Many noncollared individuals and collared servals within the study area and its surrounding landscape were killed from snaring, hunting by dogs, vehicle collisions, and poisoning. Serval conservation must be prioritized within the agricultural landscape under a species management plan by considering the friendly nature of farmers towards servals. Further, the effects of the predominant use of agricultural practices on the other local fauna remain largely unknown. Our study has high conservation implications for other wetland-associated species that are equally endangered, such as wattled crane (Bugeranus carunculatus), gray-crowned crane (Balearica regulorum), and blue crane (Anthropoides paradiseus). The primary goal of retaining wetlands and forested areas of sufficient quantity and quality will prevent the formation of ecological traps for long-term persistence of serval populations. We suggest that future studies focus on spatial resource use by servals in different landscapes with varying degrees of disturbance.
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